Summary of Non-traditional Methods for Metal Detection and Discrimination  by Svatoš, J. et al.
 Procedia Engineering  47 ( 2012 )  298 – 301 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.142 
Proc. Eurosensors XXVI, September 9-12, 2012, Kraków, Poland 
Summary of Non-traditional Methods for Metal Detection and 
Discrimination 
J. Svatoša, P. Nováčeka, J. Vedralaa* 
aDepartment of Measurement, Czech Technical University in Prague,  
Prague 6, Technická 2, 166 27, Czech Republic 
 
Abstract 
This paper describes three different possibilities how to detect and distinguish between different metal garbage and 
mine (especially Anti-Personnel mines - AP) or UXO (unexploded ordnance). A comparison of three unconventional 
excitation polyharmonic signals for an eddy current metal detector is presented. These signals are linear frequency 
sweep sinusoidal, step sweep sinusoidal, and sinc signals. Thanks to this we obtained a frequency characteristic of a 
detected object over a wide range of frequencies and obtained more detailed view about object than with classical 
methods. Amplitude and phase spectra, polar graphs as well as real and imaginary parts ot detector signal output are 
presented. Based on the measurements and the analyses, the distinguishing between different objects can be done in 
terms of the electromagnetic properties (conductivity and permeability). Polar graphs could be used for an object’s 
interpretation and for the manual discrimination. 
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1. Introduction 
In humanitarian demining, the ability to discriminate between different metal garbage and an AP mine 
or an UXO is the main area of interest for the recent metal detectors development. An attractive goal for 
scientists is to decrease false alarms which count in some areas for up to 99.9 % of the total alarms. That’s 
because metal contaminations and a magnetic or mineralised soil presence reduces the sensitivity of metal 
detectors. Even this time eddy current metal detectors are still the most popular mine detectors in 
humanitarian demining [1]. Nowadays detectors work with single or multi tone acoustic signals and use 
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changes of the phase and the amplitude (Very Low Frequencies detectors) or monitor a time delay of a 
pulse (Pulse Induction detectors) to evaluate if a mine is present or not. Very important is operating 
frequency of the detector. The frequency has an influence on an eddy current’s penetration. Low 
frequency magnetic fields, which penetrate deeper into the ground, are less affected by magnetic or 
mineralized soils and also skin effect is reduced. On the other hand high frequencies offer better 
resolution and sensitivity. Detector’s qualities depend on frequency of the excitation signal. That brings 
the opportunity to explore new polyharmonic signals and signal processing of these signals with the 
intention to better detection and discrimination of the detected object.  
This paper deals with non-conventional excitation signals. Presented signals are linear frequency 
sweep sinusoidal [2], step sweep sinusoidal [3] and sinc signal. 
2. Methods 
All presented experimental data are measured on a search head of a metal detector ATMID [4]. This 
detector has a “double D” searching head with the diameter of 267 mm. The frequency range is under the 
resonant frequency of the coil (ca. 90 kHz). Used signals are linear frequency sweep sinusoidal and step 
sweep sinusoidal as well as sinc signal. The influence of the background is minimalized during all 
measurements by subtracting of the signal measured without testing objects. Excitation signals have 
amplitude of 10 V in every case. 
Linear frequency sweep signal from 1 kHz to 50 kHz is used and generated by formula: 
 
ݔሺݐሻ ൌ ݏ݅݊ ቂʹߨ ቀ ଴݂ ൅ ௞ଶ ݐቁ ݐቃ  (1) 
, where f0 is starting (initial) frequency, t is sweep time and k is sweep rate. Starting frequency is 1 kHz 
and sweep time is 10 ms. A received signal is acquired by 14-bit analog-to-digital convertor with 
sampling frequency 1 MSample/s. 
Step sweep sinusoidal signal from 1 kHz to 45 kHz with a step of 1 kHz generated by an AFG 3102 
generator. A received signal from the detector is measured by the lock-in amplifier Signal Recovery 7265. 
A reference signal for the lock-in amplifier is the same signal with the amplitude of 1 V because lock-in 
reference input channel restrictions.  
Sinc signal, which is used for the experiment, is composed of two sinc signals with same parameters 
and half period inverted. One period of the signal is described by next formula: 
 
 
 
           (2) 
 
 
, where H is Heaviside function, which invert the sinc function in time in range < -T1/2, T1/2). Signal 
parameters are  f1 = 1/T1 = 0.5 kHz and f2 = 1/T2 = 10 kHz with 10 significant carrier frequencies. The 
same 14-bit analog-to-digital convertor measures the signal with the sampling frequency 1 MSample/s. 
3. Results 
The detector was placed on a non-magnetic platform and excited with all three non-traditional complex 
signals described above. The testing homogenous spheres of different diameters and made from different 
materials were used as targets. Spheres were placed on the highest sensitivity axis of the receiving coil in 
distance from 50 to 200 mm from the coils in the open air environment.  
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Experimental results are shown in Figures 1 to 3. This paper shows data from the experiment using 
bronze and ferromagnetic steel UNI100Cr6 spheres with diameter of 10 mm. Different spheres represent 
materials with different permeability and conductivity.  
Figures 1 and 2 (a) show measured data for detector excited by the linear sweep sine-wave. The phase 
spectrum of bronze sphere goes from 0 degree (an inductive limit) to -90 degree (a resistive limit). The 
frequency covers entire Response function [5]. On the other hand the phase spectrum of the UNI100Cr6 
sphere (the same size) changes only in range of 50 degree. The amplitude spectrum of UNI100Cr6 is 
greater because of the ferromagnetic material characteristics. 
 
  
            (a)                     (b) 
Fig. 1. (a) Amplitude and Phase spectra of Bronze; (b) Amplitude and Phase spectra of UNI100Cr6  
 
In the Figure 2 (b) the polar graphs obtained from the detector excited by the step sweep sine are 
shown. The results are similar: the amplitude of the signal of UNI100Cr6 is greater than the amplitude of 
the signal of bronze, the phase changes less than phase of bronze. 
 
  
            (a)                     (b) 
Fig. 2. (a) Polar graph of Bronze and UNI100Cr6 – detector excited by linear sweep sine signal; (b) Polar graph of Bronze and 
UNI100Cr6 – detector excited by step sweep sine signal 
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 Figure 3 presents results from test using the sinc signal. Unsurprisingly, the amplitude of the signal of 
UNI100Cr6 sphere is greater and changes significantly in comparison with no object present but the 
amplitude of bronze changes (drops) on 7th and 8th carrier. This could be caused by the Response function 
and losses in the material. 
 
Fig. 3. (a) Amplitude spectra of no object present (clear), bronze and UNI100Cr6 spheres 
4. Conclusion 
On the basis of these experimental results, a better identification and discrimination between different 
detected objects (AP mines) is possible and this knowledge could be applied in modern mine detectors 
development. The usage of polyharmonic excitation signals brings a better response in wide range of 
frequencies and therefore more detailed and complex set of data for the signal analysis is available. It is 
evident that thanks to the frequency characteristics discrimination between different materials can be done 
easily. In future the sinc signal in real conditions, which will be modelled by magnetic soil, will be 
measured. The signal processing will focus on power spectral density. 
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